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DETAILED ACTION 

1. Claims 1-24 have been examined. 

Acknowledgment of papers filed: oath, specification, drawings, and IDS on July 
31 , 2003, IDS on July 1 1 , 2005, IDS on September 28, 2005, and IDS on November 20, 
2005. The papers filed have been placed on record. 

Specification 

2. The specification is objected to because in paragraph [0002], the information 
about co-pending applications is not up to date. Examiner requests that the application 
numbers be inserted in lieu of the docket information. 

Claim Rejections - 35 USC § 101 

3. 35 U.S.C. 101 reads as follows: 

Whoever invents or discovers any new and useful process, machine, manufacture, or composition of 
matter, or any new and useful improvement thereof, may obtain a patent therefor, subject to the 
conditions and requirements of this title. 

4. Claim 24 is rejected under 35 U.S.C. 101 because the claimed invention is 
directed to non-statutory subject matter. 

Claim 24 recites the limitation "a computer data signal embodied in a transmission 
medium". A computer data signal embodied in a transmission medium does not fall 
under any of the statutory classes. First, a claimed signal is clearly not a "process" 
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under Sec. 101 because it is not a series of steps. The other three Sec. 101 classes of 
machine, compositions of matter and manufactures "relate to structural entities and can 
be grouped as 'product' claims in order to contrast them with process claims." 1 D. 
Chisum, Patents Sec. 1.02 (1994). The three product classes have traditionally, required 
physical structure or material. 

Examiner suggests (and assumes for the purpose of examination) that the 
limitation "A computer data signal embodied in a transmission medium" read "A 
computer program embodied on a computer readable medium". The term computer 
usable (e.g., readable) medium as defined in Applicant's specification (page 46, lines 
24-27) does not include non-tangible signals. 

Claim Rejections '35 use §103 

5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth In section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

6. Claims 1-15 and 19-24 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Eberly (The Correlation Branch Target Address Cache) in view of 
Johnson (U.S. Patent No. 6,321 ,321 ). 
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7. Regarding claim 1, Eberly discloses an apparatus for invalidating a redundant 
entry for the same branch instruction in a branch target address cache (BTAC), the 
apparatus comprising: a status indicator, 

Note that since entries are invalidated, tliere must be a indication that these 
entries exist. 

for indicating whether at least two entries of the BTAC (see page 85, last 5 lines) 
Note that when a branch is added, logic checks to see if another entry matches 

the address tag. The logic checks if one matches (there are more than one valid entries , 

in the BTACj'ncluding the one just added). 

selected by an instruction cache fetch address (the fetch address of the branch 

instruction corresponding to the newly added entry in the BTAC; see page 84, last 2 

lines) 

Note that when entries are added to the BTAC, the entries contain a tag 

* 

(instruction fetch address of that branch instruction). The address of the branch 
instruction is considered to be an instruction cache fetch address. 

contain a valid branch target address (instructions only can be invalidated) for a 
same branch instruction; and control logic (any circuitry which invalidates entries), 
coupled to said status indicator (this control logic must receive this information in order 
to invalidate those entries), for invalidating one of said at least two entries if said status 
indicator indicates at least two ways of said selected set contain a valid branch target 

* 

address for a same branch instruction (see page 85, last 5 lines). 
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Note that if two entries are for the same branch instruction they will have the 
same address tag. Further note that any entry with aCTR bit different than the one 
currently being written for that tag will be invalidated. 

Eberly does not expressly disclose that the BTAC is set associative or that 
entries in the BTAC are divided into sets and ways. 

Jolinson teaches the use of a set associative cache (see col. 2, lines 30-32) with 
multiple sets (see col. 2, lines 30-32), further split into multiple ways (see col. 2, lines 
33-36). 

For the combination to have been successful, redundant entries (entries for the 
same instruction) would inherently be grouped into the same set because their fetch 
addresses are equal. 

It would have been obvious at the time of the invention for one of ordinary skill in 
the art to have modified the invention of Eberly by using a set associative BTAC with 
multiple ways and sets, as taught by Johnson, in order to decrease access time (see 
col. 1 , last 2 lines, and col. 2, first 3 lines; col. 2, lines 42-44) and increase cache 

• ♦ 

capacity (see col. 2, lines 2-5). 

8. Regarding claim 2, Eberly/Johnson discloses the apparatus of claim 1 , further 
comprising: a register, coupled to said control logic, for storing said instruction cache 
fetch address, for use by said control logic to invalidate said one of said at least two 
ways of said selected set (two entries; see above regarding claim 1). 
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Note that since the information is used by. the control logic to invalidate 
instructions, there must be something to store the information which is accessed by the 
control logic. Whatever stores the information is considered to be a register which is 
coupled to the control logic. Further note that the definition of register according to The 
American Heritage College Dictionary, fourth edition is "A part of the central processing 
unit used as a storage location". Further note that even if the information is stored for 
less than a clock cycle, it still can be considered a register, 

9. Regarding claim 3, Eberly/Johnson discloses the apparatus of claim 1 , wherein 
said selected set is selected by an index portion of said instruction cache fetch address. 

Johnson shows that in set associative caches, sets are selected with an index 
portion of the read address (see col. 2, lines 20-23 and 30-35). Therefore, any 
combination modifying the invention of Eberly by using a set associative cache would 
select a set by using an index portion of said fetch address. 

10. Regarding claim 4, Eberly/Johnson discloses the apparatus of claim 1 . wherein 
said control logic clears said status indicator after invalidating said one of said at least 
two ways (entries, see above regarding claim 1) of said selected set. 

Note that since the status indicator indicates duplicate entries, when the 
duplicate entries are removed, the status indicator would no longer be set. 
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1 1 . Regarding claim 5, Eberly/Johnson discloses the apparatus of claim 1 , further 
comprising: a register, coupled to said control logic, for storing data specifying said one 
of said at least two ways (two entries) of said selected set to invalidate, for use in 
invalidating said one of said at least two ways of said selected set (two entries with the 
same address must have the same set). 

Note that since the information must be known to the control logic in order to 
invalidate the entries, there must be something to store the information. Whatever 
stores this information is considered to be the register. 

12. Regarding claim 6, Eberly/Johnson discloses the apparatus of claim 1 , further 
comprising: at least two valid signals (see page 84, 4th paragraph, first 2 lines), coupled 
to said control logic, each for indicating whether a respective one of said at least two 
ways (entries) of said selected set contain a valid branch target address (valid bits are 
used to keep track of entry validity). 

Further note that claim 12 recites equivalent limitations as claim 6 and is 
therefore rejected under the same grounds. 

13. Regarding claim 7, Eberly/Johnson discloses the apparatus of claim 1 , further 
comprising: at least two match signals, coupled to said control logic, each for indicating 
whether a tag portion of said instruction cache fetch address matches a tag stored in a 
respective one of said at least two ways (entries) of said selected set (see page 85, last 
2 lines regarding invalidating all entries with the same address tag and CTR bit = 1.). 
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Note that by saying all entries are invalidated implies that there can be more than 

t 

1. Therefore, the logic checks more than 1 entry. Further note that since the control 
logic invalidates these entries, there must be a signal showing that the addresses match 
the address of the entry that was added, 

14. Regarding claim 8, Eberly/Johnson discloses the apparatus of claim 7. further 
comprising: at least two comparators, coupled to said control logic, each for comparing 
said tag portion of said instruction cache fetch address with said tag stored in said 
respective one of said at least two ways (entries) of said selected set, and generating a 
respective one of said at least two match signals in response to said comparing. 

Note that the signal to show a match must be created by some hardware. The 
hardware is considered to be the at least two comparators (one for each entry). 

Further note that claim 1 1 recites equivalent limitations as claim 8 and is 
therefore rejected under the same grounds. 

ft 

4 

15. Regarding claim 9, Eberly/Johnson discloses an apparatus for invalidating 
redundant entries for the same branch instruction in a branch target address cache 
(BTAC), comprising: detection logic (any circuitry which detects two entries with the 
same address), for detecting a condition in which more than one valid way of a plurality 
of ways of a selected set of the BTAC are storing a target address for a same branch 
instruction (see page 85, last 5 lines); 
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Note that if two entries are for the same branch instruction they will have the 
same address tag. 

And invalidation logic (any circuitry which invalidates entries), coupled to said 
detection logic, for invalidating all but onei of said more than one valid way of said 
selected set (see page 85, last 5 lines). 

Note that any entry with a CTR bit different than the one currently being written 
for that tag will be invalidated if the two entries share the same address. 

^ * 

16. Regarding claim 10, Eberly/Johnson discloses the apparatus of claim 9. further 
comprising: a register, coupled to said invalidation logic (see above regarding claim 2). 
for storing an instruction cache fetch address (the fetch address of the branch 
instruction corresponding to the newly added entry in the BTAC; see page 84, last 2 
lines); wherein said selected set is selected by an index portion of said instruction cache 
fetch address (tag of instruction added to BTAC), wherein said invalidation logic 
invalidates said all but one of said more than one valid ways (entries) of said selected 
set using said instruction cache fetch address stored in said register (see page 85, last 
5 lines). 

Note that if the CTR bit of the newly added item differs from the entries currently 
in the BTAC, all entries besides the newly added entry are invalidated. 

■ 

17. Regarding claim 13, Eberly/Johnson discloses the apparatus of claim 12, further 
comprising: a flag, coupled to said detection logic, for indicating whether more than one 
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valid way of a plurality of ways of a selected set of the BTAC are storing a target 
address for a same branch instruction (see page 85, last 5 lines), 

Note that the invalidation logic invalidates entries based on information from the 
detection logic. This must include information to determine if an entry is to be 
invalidated. This information is considered to be the flag. 

wherein said detection logic sets said flag to a true value if for more than one of 
said plurality of ways said match signal and said valid indicator (the processor does not 
need to invalidate instruction which are not valid) are true. 

Note that the conditions for instructions becoming invalidated (said flag being 
true) are that the addresses must match and that the CTR bit is opposite from the newly 
added entry (match signal) and that the instruction is valid (valid signal). 

ft 

18. Regarding claim 14, Eberly/Johnson discloses the apparatus of claim 13, 
wherein said invalidation logic invalidates said one of said more than one valid ways of 
said selected set if said flag is true (see page 85, last 5 lines). 

Note that if all of those conditions are met, the older entries are invalidated. 

19. Regarding claim 15, Eberly discloses a pipelined microprocessor; comprising a 
branch target address cache (BTAC), for generating a plurality of indicators in response 

« 

to and address (address of newly added entry in the BTAC; see page 84, last 2 lines), 
each of said plurality of indicators (indicators must exist if the condition is detected) 
indicating whether a corresponding entries in a set of said BTAC selected by said 
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address is storing a valid target address of said branch instruction (see page 85, last 4 
lines regarding determining if address tags are the same); 

and logic,, coupled to said BTAC, configured to invalidate one or more of said 
plurality of entries of said selected set if said plurality of indicators indicates two or more 
of said plurality of ways is storing a valid target address of said branch instruction (see 
page 85, last 2 lines regarding invalidating all entries with the same address tag and 
CTR bit = 1 ). ' 

' Eberly does not expressly disclose an instruction cache, having an address input 
for receiving an address to select a line including said branch instruction or that the 
BTAC is coupled to said instruction cache. Eberly also doe not expressly disclose that 
each entry in the BTAC are ways. 

Examiner asserts that it is well known in the art to use an instruction cache 
having an address input to select a line to fetch instructions (including branch 
instructions). It would have been obvious at the time of the invention for one of ordinary 
skill in the art to modify the invention of Eberly by fetching instructions from a cache in 
order to decrease access time. 

Johnson teaches the use of a set associative cache (see col. 2, lines 30-32) with 
multiple sets (see col. 2, lines 30-32), further split into multiple ways (33-36). 

For motivation to combine, see above regarding claim 1 . 

20. Regarding claim 19, Eberly/Johnson discloses a method for invalidating 
redundant entries in a set-associative branch target address cache (BTAC) for the same 
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branch instruction, the method comprising: determining whether a tag of more than one 
way of a set of the BTAC selected by an index portion of an instruction cache fetch 
address (see above regarding claim 1) matches a tag portion of the instruction cache 
fetch address (see above regarding claim 7) and is valid (only valid instruction need to 
be invalidated); and invalidating all but one way of the selected set, if more than one 
way of the selected set is valid and matching. 

21 . Regarding claim 20, Eberiy/Jofinson discloses the method of claim 19, further 
comprising: storing an indication that a tag of more than one way of a set of the BTAC 
selected by an index portion of an instruction cache fetch address (see above regarding 
claim 3) matches a tag portion of the instruction cache fetch address and is valid in 
response to said determining (see above regarding claim 7). 

22. Regarding claim 21 , Eberly/Johnson discloses the method of claim 19, further 
comprising: storing said instruction cache fetch address, in response to said 
determining (see page 84, last 2 lines). 

A/ote thai the CAM is accessed by using a fetch address. Therefore, to invalidate 
entries in the CAI\/f, the fetch address would have to be used to access the entries. If 
this information is used, it must be stored (even if it is for less than one clock cycle). 



t 
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23. Regarding claim 22, Eberly/Johnson discloses the method of claim 19, further 
comprising: storing an indication of said all but one way of the selected set that are to 
be invalidated, in response to said determining. 

Note that in whatever hardware invalidates the entries in the BTAC, an indication 
of which ones need to be invalidated must be used. If this information is used, it must 

« 

be stored (even if it is for less than one clock cycle), 

24. Claim 23 recites similar limitations as claim 19 with the exception of reciting the 
additional limitations of selecting the N-way set with a lower portion of an instruction 
fetch address and comparing N address tags of N corresponding ways of said N-way 
set with an upper portion of said instruction fetch address. 

* 

Eberly does not expressly disclose selecting the N-way set with a lower portion of 
an instruction fetch address and comparing N address tags of N corresponding ways of 
said N-way set with an upper portion of said instruction fetch address. 

Johnson teaches selecting the N-way set with a lower portion of an instruction 
fetch address (see col. 2, lines 6-8) and comparing N address tags of N corresponding 
ways of said N-way set with an upper portion of said instruction fetch address (see col. 
2, lines 13-14). 

* 

It would have been obvious at the time of the invention for one of ordinary skill in 

the art to have modified the combined invention of Eberly/Johnson (see claim above 

regarding 19) by selecting the N-way set with a lower portion of an instruction fetch 

♦ 

address and comparing N address tags of N corresponding ways of said N-way set with 
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an upper portion of said instruction fetcfi address in order to more increase iiit rate 
because usually a program usually runs within a small address range. 

25. Claim 16 is rejected under 35 U.S.C. 103(a) as being unpatentable over Eberly in 
view of Johnson and Patterson et al. (Computer Organization & Design The 
Hardare/Software Interface) herein referred to as Patterson. 

Eberly/Johnson disclose the microprocessor of claim 15, further comprising: a 
first pipeline stage, in which said BTAC indicates a miss of said address therein (see 
page 84, second paragraph, lines 3-4); 

Note that this event must happen during a clocl< cycle. Further note that the 
BTAC must i<eep tracl< must l<eep tracl< of this information and therefore must indicate 
the information every clocf< cycle until it is updated. 

and a second pipeline stage, subsequent to said first pipeline stage, which 
requests said BTAC to write a resolved target address of said branch instruction (see 
page 85, lines 8-9) 

Note that the branch instruction will not resolve during the same clock cycle as 
when the prediction is made because this would render the branch predictor useless. 
Therefore, the second clock cycle must be subsequent to the first clock cycle. 

Into said one of said plurality of ways specified by said BTAC in said first pipeline 

stage. 

Johnson, does not expressly, disclose that the first pipeline stage said BTAC 
specifies one of said plurality of ways for storing said target address. 
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Patterson teaches specifying one of said plurality of ways for storing said target 
address during the first stage (Address Calculation stage; see page 453, stage 3). 

Note that Patterson teaches generating an address (stage 3; see page 453) for a 
memory access the clock cycl& before the memory is accessed (stage 4; see page 
455). 

It would have been obvious at the time of the invention for one of ordinary skill in 
the art to have modified the combined invention of Johnson/Eberly (see above 
regarding claim 16) by calculating which way to update when a miss occurs in a stage 
before it is actually written in order to increase performance by decreasing clock time 
and complexity per stage. 

26. Claim 18 is rejected under 35 U.S.C. 103(a) as being unpatentable over Eberly in 
view of Johnson, Patterson and Applicant Admitted Prior Art. 

Eberly/Johnson/Patterson disclose the microprocessor of claim 16 (see above 
regarding claim 16). 

Eberly/Johnson/Patterson do not expressly disclose that it is possible for a 
subsequent fetch of said branch instruction from said instruction cache to reach said 
first stage prior to a previous fetch of said branch instruction reaching said second 
stage, such that said selected set of said BTAC stores a valid target address of said 
branch instruction in two or more of said plurality of ways (see Applicant's Background, 
paragraph 14). 
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Applicant teaches ttiat it is possible for a subsequent fetch of said branch 
instruction from said instruction cache to reach said first stage prior to a previous fetch 
of said branch instruction reaching said second stage, such that said selected set of 
said 6TAC stores a valid target address of said branch instruction in two or more of said 
plurality of ways (see Background, paragraph 14). 

It is possible because of a short loop and a long pipeline. If there are fewer 
instructions in a loop than there are pipeline stages between when the prediction is 
made and when it is updated, this can occur. 

It would have been obvious at the time of the invention for one of ordinary skill in 
the art to have modified the invention of Eberly by making it possible for a subsequent 
fetch of said branch instruction from said instruction cache to reach said first stage prior 
to a previous fetch of said branch instruction reaching said second stage, such that said 
selected set of said BTAC stores a valid target address of said branch instruction in two 
or more said plurality of ways, as taught by the Applicant, in order to increase processor 
frequency by lengthening the pipeline, and shortening the program length by using 
shorter loops. 

m 

Allowable Subject Matter 

m 

27. Claim 17 is objected to as being dependent upon a rejected base claim, but 
would be allowable if rewritten in independent form including all of the limitations of the 
base claim and any intervening claims. 
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The following is a statement of reasons for the indication of allowable subject 
matter: 

Claim 17 recites the limitation "wherein said first and second pipeline stages are 
separated by at least three pipeline stages". The prior art does not teach or fairly 
suggest splitting the way calculation and the updating by at least three pipeline stages. 

Conclusion 

J 

28. The following is text cited from 37 CFR 1 .1 1(c): In amending in reply to a 
rejection of claims in an application or patent under reexamination, the applicant or 
patent owner must clearly point out the patentable novelty which he or she thinks the 
claims present in view of the state of the art disclosed by the references cited or the 
objections made. The applicant or patent owner must also show how the amendments 
avoid such references or objections. 

29. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Jesse R. Moll whose telephone number is (571)272- 
2703. The examiner can normally be reached on M-F 8:00 am - 4:30 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

4 

supervisor, Fritz M. Fleming can be reached on 571-272-4145. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 
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